C erviCal degenerative disc disease is being increas ingly observed in older populations. Signs of cer vical spine degeneration may appear as abnormal cervical alignment and range of motion (ROM), 16, 19 which are usually diagnosed on plain radiographs. [3] [4] [5] [6] 8, 10 Previous studies have determined the normal parameters for cervi cal alignment and ROM and some of the factors influenc ing cervical ROM using plain radiographs. 20, 22, 26 However, the effect of degeneration on segmental ROM, especially in asymptomatic individuals, remains unclear.
degeneration on cervical segmental ROM should be elu cidated with respect to factors other than age. Several cadaveric and symptomatic studies 1, 11, 22 have been per formed to investigate the effect of disc degeneration on segmental ROM. However, there are cervical ROM chang es associated with the development of neck pain. 7, 12 A pre vious study by our team has shown the relation between the instantaneous center of rotation and cervical disc de generation in asymptomatic subjects. 14 In this study, we performed radiographic studies of the cervical spines of 212 asymptomatic volunteers and demonstrated the effect of disc degeneration on segmental ROM, based on a scor ing system for cervical disc degeneration, 25 which can be used to assess the degree of cervical disc degeneration for 3 independent variables.
By analyzing the plain radiographs of asymptomatic subjects, we attempted to establish standard parameters for cervical alignment and total and segmental ROM in differ ent sex and age groups and to establish cervical segmen tal ROM measurements in groups with different grades of disc degeneration. We also explored the association between these parameters and age, sex, and cervical disc degeneration.
methods
We enrolled 300 asymptomatic volunteers with an age range of 20-79 years. The exclusion criteria included se vere neck or shoulder pain, neurological symptoms, a his tory of cervical trauma or surgery, and pregnancy. We ex cluded 88 volunteers; 6 of these volunteers were excluded from the study because of congenital or acquired synosto sis and 82 because the inferior endplate of C7 was not ad equately visible on plain radiographs. The remaining 212 asymptomatic volunteers were included in the study. This study was approved by the Human Investigations Com mittee to Protect Human Subjects in Research of Beijing Tiantan Hospital affiliated with Capital Medical Univer sity, and all volunteers gave informed consent.
Standard neutral lateral radiographs (Eastman Kodak) were obtained with subjects maintaining their natural posture. They were instructed to keep their right shoulder close to the cabinet; the distance between the xray tube and the detector was 150 cm. The focus of the beam was directed horizontally to the C4 vertebral body. Before ex posure, subjects were asked to close their eyes, flex and extend their "head" (craniocervical junction) twice, and then open their eyes when they assumed that they were looking straight ahead at a comfortable resting position. Full flexion and full extension radiographs of the cervical spine were obtained by asking the subjects to try their best to maintain positions of maximal flexion and extension.
All of the images were imported into Mimics 15.0 software (Materialise) and then measured and blindly as sessed for degree of cervical disc degeneration by 2 junior and 1 senior spine surgeon 3 times at 1week intervals. Blinding was accomplished by removing identifying in formation on the radiographs and randomly assigning them to each examiner.
Cervical alignment and ROM were measured using the 2line Cobb angle method and superimposing the 2 im ages for image registration (Fig. 1) . 9, 15, 17, 21 We measured cervical alignment, total ROM (flexion and extension), and segmental ROM (flexion and extension). The angle of cer vical lordosis was set as a positive value and kyphosis as a negative value. The degree of degeneration at each cervical level was assessed on the neutralposition lateral radiograph using the scoring system for cervical disc degeneration present ed by Walraevens et al. 25 This scoring system was shown to be reliable and objective in a previous study, with excel lent intrarater agreement (intraclass correlation coefficient [ICC] = 0.86, range 0.75-0.93) and interrater agreement (ICC = 0.78, range 0.64-0.88). The system classifies the severity of disc degeneration from no degeneration to severe degeneration (score range 0-9) on the basis of 3 variables: height loss, anterior osteophytes, and endplate sclerosis. Height loss is defined as the difference between the height (measured at the center of the disc) of the disc at the level being assessed and the height of a disc with out any sign of degeneration at an adjacent level, scored from 0 to 4 points. The length of the anterior osteophytes is measured with respect to the anteroposterior diameter of the corresponding vertebral body, which is measured at the middle of the vertebral body, scored from 0 to 3 points. The endplate sclerosis is scored from 0 to 2 points. Based on the sum of the scores for the 3 variables, the extent of cervical disc degeneration was classified as no degen eration (0 point), mild degeneration (1-3 points), moder ate degeneration (4-6 points), or severe degeneration (7-9 points). This scoring system has been widely used in large crosssectional studies. (Table 1) .
Based on the degree of cervical disc degeneration, C2-3 findings were divided into 2 groups (no degeneration [n = 168] and mild degeneration [n = 44]); C3-4 and C4-5 find ings were divided into 3 groups (no degeneration [n = 116 and n = 80, respectively], mild degeneration [n = 84 and n = 104, respectively], and moderate degeneration [n = 12 and n = 28, respectively]); C5-6 and C6-7 findings were divided into 4 groups (no degeneration [n = 72 and n = 80, respec tively], mild degeneration [n = 56 and n = 64, respectively], moderate degeneration [n = 52 and n = 44, respectively], and severe degeneration [n = 32 and n = 24, respectively]) ( Table 2) . C2-7 alignment was 21.40° ± 12.15°, total ROM was 63.59° ± 15.37°, flexion ROM was -25.34° ± 9.80°, and extension ROM was 38.24° ± 11.31° (Table 1 ). This mea surement showed excellent intrarater agreement (ICC range 0.87-0.97) and excellent interrater agreement (ICC range 0.83-0.94).
Sex was significantly associated with cervical align ment, total ROM, and segmental ROM at 2 of the levels assessed (C2-3 and C5-6) (p < 0.05). Age was signifi cantly associated with total ROM (Fig. 2, Tables 3 and 4) and segmental ROM at all levels (p < 0.05) (Fig. 3, Tables  3 and 4) . Cervical disc degeneration at the level of interest was significantly associated with C4-5, C5-6, and C6-7 ROM (p < 0.05) (Fig. 4, Tables 3 and 4 ). Cervical disc de generation at the adjacent levels (above and below) and the related 3 variables (height loss, anterior osteophytes, and endplate sclerosis) of the 3 levels showed no significant as sociation with cervical segmental ROM (p > 0.05).
Cervical alignment had no significant association with total ROM (p > 0.05), but had a significant negative as sociation with flexion ROM (p < 0.05) and a significant positive association with extension ROM (p < 0.05).
discussion
This study aimed to establish standard parameters for alignment and range of motion of the cervical spine and to identify factors that influence these variables.
Our data indicate that sex is an influential factor for cervical alignment, with a regression coefficient of -2.47, showing that cervical alignment in female subjects was 2.47° less than that in male subjects. Cervical alignment showed no significant difference between successive age groups, but there was a trend toward increased alignment values with age (increasing from 17.95° ± 17.46° in the 3rd decade to 28.56° ± 7.48° in the 8th decade). Both sex and age influenced total ROM, with a re gression coefficient for sex of 3.86, showing that the to tal ROM in female subjects was 3.86° larger than that in male subjects. The regression coefficient of age was -6.46, showing that the total ROM decreased 6.46° for each de cade of aging. The total ROM was 81.49° ± 14.27° in the 3rd decade and decreased to 53.37° ± 12.86° in the 8th decade. Flexion ROM decreased to a greater extent than did the extension ROM.
Sex influenced C2-3 and C5-6 ROM, and age influ enced segmental ROM at all 5 disc levels. The severity of disc degeneration at the level of interest influenced C4-5, C5-6, and C6-7 ROM. The regression coefficient of sex was 2.11 at C2-3 and 2.48 at C5-6, showing that segmen tal ROM in female subjects was 2.11° (C2-3) and 2.48° (C5-6) larger than in male subjects. The average regres sion coefficient of age was -1.28 (range -0.94 to -1.75), indicating that segmental ROM decreased 1.28° for each decade of aging. The average regression coefficient of the severity of disc degeneration at the level of interest (C4-5, C5-6, and C6-7) was -2.26 (range -1.96 to -2.63), show ing that segmental ROM decreased 2.26° for each catego ry increase in disc degeneration at the level of interest. We also found that C5-6 had the largest segmental ROM in subjects in the 3rd decade, while C4-5 had the largest in those in the 8th decade.
Cervical alignment had no significant association with total ROM, but it had a significant negative association with flexion ROM and a significant positive association with extension ROM. The regression coefficient of flexion ROM was -0.44, showing that 0.44° of flexion ROM was lost with each degree increase in alignment. The regres sion coefficient of extension ROM was 0.46, indicating that an increase of 0.46° of extension ROM occurred for each degree increase in alignment.
There are several limitations in this study. First, mea surement errors are possible; to minimize them, the plain radiographs were measured by 3 spine surgeons (blinded to previous measurements or any identifying information) 3 times each, and the reliability of the measurement was represented by the ICC. Additionally, flexion and exten sion radiographs of each volunteer's cervical spine were superimposed using Mimics software to reduce the steps in the manual measurement. Second, not all patients' C2-7 levels could be placed into one of the 4 cervical disc degeneration severity groups. Severe disc degeneration is uncommon at cervical levels other than C4-7, especially in asymptomatic individuals.
conclusions
The standard parameters and factors identified in our study should be useful for the clinical diagnosis and bio mechanical study of cervical degenerative diseases and cervical instability, and should also be of value for the de sign and application of cervical disc arthroplasty tailored to the individual patient. 
